RESUMO -Foi realizado um estudo de dinâmica de assembléias de drosofilídeos em seis comunidades insulares e duas continentais em visitas estacionais ao longo de dois anos, em Santa Catarina. Os índices de diversidade foram elevados se comparados com os de assembléias de clima temperado. Com relação ao índice de heterogeneidade de espécies de Shannon-Wiener (H'), os pontos localizados no continente (Serra do Tabuleiro) foram os mais elevados. Esses sítios apresentam Mata Atlântica primária e, teoricamente, deteriam a maior variabilidade de nichos ecológicos. Um dendograma mostrando a similaridade entre as assembléias (medida pelo índice de Morisita), apontou para 60% de similaridade. Nele os pontos continentais e insulares foram os que mais se diferenciaram. Os seis pontos insulares se separam em dois grupos: um que inclui os pontos da Ilha de Santa Catarina, e outro compreendendo as demais ilhas adjacentes a essa ilha maior. Os agrupamentos mostram a importância do componente espacial na previsão da estrutura das comunidades. Esse fato levanta a discussão a respeito da grande complexidade do ecossistema de Mata Atlântica e, conseqüentemente, sua imprevisibilidade, em termos de composição faunística, evidenciando a necessidade de sua conservação.
altitude fields.
The flies of the Drosophila genus became the preferred insects for the study of genetics from the time of the classic works of Thomas Morgan in 1910, when crucial aspects of the chromosome theory and the inheritance were elucidated. The importance of this organism grew throughout the rest of 20th century, and nowadays the organism still has an important role in genomic study (Schmitz et al. submitted) .
However, Remsen & O'Grady (2002) remark that, although this insect is frequently utilized in biological research, the knowledge about Drosophilidae is still sparse. It contains 3,800 species distributed in 65 genera (Bächli 2006 ), but even with this significant number, and its importance to the geneticists, models of Drosophila have been only rarely used to illustrate the mechanisms underlying the dynamics of the tropical assemblies.
In Santa Catarina State, some remnants of the Atlantic Forest are still found, many located on coastal islands, but mostly of small extension. In these places, we carried out monthly collections in previous years, and we were able to visualize a general panorama of the wealth of the Drosophilidae assemblies of the region ( Döge et al. 2004 , Gottschalk et al. 2006 .
Few studies approaching the population dynamics, estimating parameters of diversity and similarity, have been carried out on the assemblies of Drosophila of the insular Atlantic Forest in Santa Catarina. Furthermore, little has been done in terms of evolutionary studies with these insects. Nothing has been elucidated yet in relation to their degree of ecological diversity or patterns and possible relations of coexistence among the species. The present work represents an initial attempt to fill this gap.
Methodology
Samples were taken as adults, flying over fermented banana bait and natural trophic resources (fermented fruits), at eight different sites (Fig. 1) . Two of these sites were located on Santa Catarina Island: Morro da Lagoa da Conceição (27º35'27'S; 48º28'33'W -site A), a collecting point with sensu strictu secondary Atlantic Forest, in advanced process of regeneration and without recent human influence; and the Municipal Park of Lagoa do Peri (27º45'23'S; 48º32'58'W -site D), classified as sensu latu Atlantic Forest, being one of the few regions with remnants of Primary Forest on Santa Catarina Island, suffering only from small spots of deforested area and some abandoned agricultural zones.
Four sites are located on small islands near the mainland: Ratones Grande Island (27º28'58'S; 48º33'71'W -site B), located to the north of Santa Catarina Bay, approximately 0.8 km from the west coast of Santa Catarina Island; Ratones Pequeno Island (27º29'69'S; 48º33'97'W -site C), positioned a few hundred meters from Ratones Grande Island; Campeche Island (27º41'81'S; 48º28'88'W -Site H), to the east of the Island of Santa Catarina, approximately 1.5 km from the coast, being the most extreme easterly located collection site of this research; and Arvoredo Island (27º17'57'S; 48º21'23'W -Site G), situated 8 km from the north of Santa Catarina Island, being the northernmost sampling site studied in this research.
Two other collecting sites were located on the mainland in the Serra do Tabuleiro State Park (27º44'48'S; 48º48'44'W -Site E; 27º44'55'S; 48º48'72'W -Site F). This park is the biggest conservation unit of Santa Catarina, with an area of 87,405 ha, showing varied vegetation and congregating five of the six botanical compositions of the State of Santa Catarina.
Three to six days were spent at each site for collecting. These collection phases were seasonal and lasted two years beginning in March 1999. Concomitant with the accomplishment of the sampling stage, the identification of the flies by external morphology observation was effected (Freire-Maia & Pavan 1949) . In cases of sibling species, dissection of the male terminalia was also done. A representative number of individuals were conserved and kept in the Drosofilid Laboratory of the UFSC collection.
The description of the assemblies in terms of absolute (ni) and relative (pi) abundance of the species (Brower & Zar 1984) was made for each sample and site. The heterogeneity estimators of Shannon-Wiener -H', the estimation of evenness (Smith & Wilson 1996 ) -E VAR , and the species richness (S) were calculated. The species number was used in the calculations of the rarefaction analyses -S RAR , for each collection. To compare the results with those of other ecology studies of Drosophilidae in Brazil, the values of the dominance index of Simpsom (D), the effective number of species that had contributed to the diversity (Exp H') and the Pielou's evenness (J') were calculated.
Even if all these ecological parameters were only for application at the species level, the use of the subgroup was adopted in the case of the two willistoni subgroup species (D. willistoni Sturtevant and D. paulistorum Dobzhansky and Pavan) because they were the most abundant species in our collections they were very similar in morphology, and the identification of the females would have been impossible without checking their male progenies. This procedure led to a small bias towards underestimating the diversity and evenness indices, and also an overestimation of the dominance indices.
The software Ecological Methodology 5.2 (Krebs 1999) was used to calculate the species rarefaction. In order to compare different samples, the minimum sampling number for a collection (51 individuals) was used, as suggested by Begon et al. (1996) .
Variance analysis was carried out by ANOVA -Turkey's HSD test to verify whether the calculated diversity indices had differentiated between the places and seasons, using Statistica Software 5.1' 98 edition (StatSoft 1998). Rarefaction curves for each point of collection were plotted.
The decomposition of the diversity values was conducted, trying to establish the reasons for the different patterns obtained. This decomposition was achieved using the divergences found between the index of heterogeneity H' of each assembly, considering the factors space, time and season.
The similarity between the subsamples was calculated by the index of Morisita (IM). To facilitate the visualization of this similarity, dendograms were constructed using the analysis of groupings UPGMA -unweighted pair-group method using arithmetic averages (Sneath & Sokal 1973) .
Results and Discussion
A total of 49,368 Drosophilidae were collected during the entire sampling period. In the Annex (Tables 1 to 8) we present the data of the absolute (ni) and relative (pi) abundance of the different identified species of Drosophilidae at the eight studied sites during the different seasons of the year. Is noticeable that some species present a higher abundance in the community to which they belong, consequently influencing the diversity of this association (Table 1) .
Generally, the sites D, E, F and H tend to have higher values for the heterogeneity index of Shannon-Wiener (H'), but the only significant difference found was between points F and A. The first one presented the highest values (ANOVA: F = 3.25, df = 7, P = 0.01; Turkey: P =.032). Despite the seasonal variations of H', which was not significant, it turned out to be higher in the winter and spring.
When the values of the evenness index of Smith-Wilson (E VAR ) were compared, there were no significant differences among the sampled sites. However, this index showed seasonal differences: the values for winter are higher than those for the autumn and summer (ANOVA: F = 5.42, df = 3, P = 0.004; Turkey: P = 0.005 and 0.039 for the respective comparisons).
The number of species observed (S) in each collection presented only seasonal variation (ANOVA: F = 5.42, df = 3, P = 0.004). The differences between the sampled points were small, but E and F, the most preserved sites, tended to be the richest areas. Comparing the number of species for the different seasons, the autumn presented the highest S, followed by spring. These two seasons have significantly more species than the winter (Turkey: P = 0.002 and 0.027, respectively). The numbers of species measured with the rarefaction technique (S RAR ) also showed significant differences, but only in the seasonal comparisons, where the values for the spring were higher than those for the winter (ANOVA stops: F = 3.36, df = 3, P = 0.031; Turkey: P = 0.039).
Tidon (2006) compared Drosophilidae populations of the Cerrado biome and the Gallery Forest, pointing to a more elevated diversity in the dry season (winter) in both ecosystems, despite the higher specific richness in the humid periods. The author attributes this fact to the population reduction of almost all species, due to the environmental stress in the dry season and the migration of these species to the adjacent ecosystems. In this case, the diversity is increased by the evenness of the contribution of each individual species.
In the autumn months, an increase of the richness of species was observed in the studied assemblies. But in the winter, in a more elevated environmental stress situation, the populations were reduced, causing an increment of the diversity related to the increase of the evenness as observed by Tidon (2006) .
The rarefaction curves, based on the accumulated data of each sampling site (Fig. 2) , show a very similar richness of species among the collection points as well. The most diverse was the point F, corroborating the results of the ANOVA tests. In Fig. 2 , it is also possible to observe in the number of collected species a trend towards stabilization.
Despite the fact that the ANOVA analysis did not point to a significant difference between the found diversity values H', its decomposition ( Benado & Brncic (1994) studied the decomposition of the diversity components of the Drosophilidae community during eight years in La Florida, Chile. They showed that the variation throughout the years had an importance of only 5.15% in the explanation of the total variation. The seasonal component had a participation of 23.53%, the monthly value obtained was 39.70% and 31.62% of the variation was considered to be inexplicable. In other words, among the temporal variations in this Chilean assembly, the monthly accumulated variation added to the seasonal variation totaled 62.6%, pointing to the seasonal component as being one of the main factors responsible for maintaining the values of H'. However, the studied Chilean community is located in a region of temperate climate, which might possibly have maximized the importance of the seasonal factor.
Bearing in mind the huge diversity of insects, Fager (1968) suggested that one could determine a dominant species in a guild of invertebrates. However, in a temperate zone, this same species can lose its dominance, a fact that would be entirely unpredictable. In the assemblies of Drosophila analyzed in this study though, it was often possible to forecast which species would be dominant in a specified period.
In the studied communities, almost all sampling points (with the exception of C and F) had high levels of S, and the values found for the diversity were low due to the elevated dominance of the willistoni subgroup (Table 1) . Brncic et al. (1985) , in their three-year-long analysis of another Drosophilid assembly, stated that the seasonal patterns of occurrence of each species is the product of a long and continuous process of adaptation to the environmental conditions in which the species live.
Thus, the different climatic conditions throughout the year are critical to the population fluctuation. It is well known that temperature and humidity affect the majority of the vital Drosophila parameters such as viability, mating behavior, fertility, development time, offspring, and other factors that are directly related to the growth of a population. Also, the temperature affects the agility and therefore the number of flies moving towards the bait.
Temperature, humidity and light intensity are considered factors that, even independently of density, regulate the population growth. Besides that these elements also have influence over the alimentary resources and the action of parasites and predators (density dependent factors). The plant phenology explored by the Drosophila species depends, in turn, directly on the climatic factors, strengthening the importance of the seasons for the composition of the assemblies.
Concerning the willistoni group, several studies regarding the frequency of seasonal fluctuations of this group have already been done, due precisely to the importance of these species in the Brazilian assemblies. D. willistoni, the most representative species of the subgroup, exerted dominance in almost all of our collections (Table 1 ). According to diverse authors, the willistoni subgroup species have a clear preference for the summer and autumn, seasons with warmer and more humid months (Patterson 1943 , Dobzhansky & Pavan 1950 , Franck & Valente 1985 . Curiously, Borba & Napp (1985) did not find these species in abundance in Rio Grande Do Sul during the summer. However, they observed that the occurrence of some warm and humid days in the winter is sufficient to modify the phenological patterns of the fruit trees and thus to trigger the availability of feeding and breeding sites for the species of this subgroup throughout the year. Burla et al. (1950) affirm that D. willistoni is common on the Angra dos Reis islands even in the absence of fruits. Valiati & Valente (1996) point out that the species of this subgroup have great ecological versatility.
Our data corresponded to these results and seem to strengthen the idea of the willistoni subgroup's appearance following the phenology of the palm trees in the Atlantic Forest (Borba & Napp 1985 , Valente & Araújo 1986 , Saavedra et al. 1995 . Our collections with the highest abundance of these species were those executed during September and May, on Ratones Grande Island, where its preferred resource, the palm fruits (S. romanzoffiana Glassman), were abundant in these months. In these months, we had the highest peak of occurrence of these species.
Drosophila capricorni was collected by Dobzhansky & Pavan (1950) in he Vila Atlântica, SP, in the months of August until November and, again, from May through July. The trend of preference for mild temperature months shown by this species was also observed at almost all of our collection points. Because of its intense presence in the colder months at the F site, it was considered to be the dominant species there.
Dobzhansky & Pavan (1950) also state that, from January to March, there is an observable increment in the population of D. fumipennis. This was confirmed by our records, since the most representative collection of samples of this species occurred in exactly the same period. D. nebulosa, in turn, is known for being more frequently collected in open vegetal formations (Val et al. 1981 , Martins 1987 ). This species is always rare in forest environments, and in fact its frequencies were very low in our collections, coinciding with the sampled driest periods. These data agree with the results obtained by Petersen (1960) , who took samples in Rio Grande do Sul State.
The species of the cardini group have, according to Rohde & Valente (1996) , divergent preferences regarding the environment that they colonize. In the period covered by this study, D. polymorpha was found more abundantly In our study, the flies of this group, especially D. polymorpha, showed a preference for the warmer months, in contrast with what was observed in the study of Rohde & Valente (1996) , carried out in the city of Porto Alegre. This species was present in almost all of our collections, with its occurrence apparently more tied to the relative humidity than to the temperature.
De Toni & Hofmann (1995) have found more elevated amounts of D. griseolineata in the mild temperature months. According to Sene et al. (1980) this species and D. maculifrons have been collected together in many forests of Brazil, but this coincidence was not observed in the present investigation and we believe that D. maculifrons tends to have a westernmost distribution in Santa Catarina State, as observed by Val et al. (1981) for a São Paulo State population. De Toni & Hofmann (1995) have collected D. sturtevanti and D. neoelliptica predominantly in the warmer periods. In the collections of the present research, besides these two species, we also found D. saltans, D. prosaltans and D. parasaltans (cf.), all of which are very rare and, like the other species of the group, they appeared principally in the warmer months.
Other genera of Drosophilidae such as Zaprionus, Zygothrica, Rhinoleucophenga, Cladochaeta, Diathoneura, Mycodrosophila, Leucophenga, Scaptodrosophila and Amiota have also been collected. Zaprionus indianus, an invader species, initially appeared in lower frequencies that increased gradually in the subsequent collections. This type of invasion was also registered by Sevenster (1992) , who found the emergence of D. malerkotliana in natural resources of Panama, a place where this species is an invader, surpassing the native species in frequency, and confirming the generalist and polyphagic character of these invaders. Concerning the seasonal fluctuations of these other genera, with the exception of Zaprionus that has a clear preference for the warmer months, (corroborated by Silva et al. 2005) , no seasonal trend was registered. Brncic & Valente (1978) suggested that perhaps the gregarious habit in Drosophila occurs even without sufficient density to allow competition, since as Dobzhansky & Pavan (1950) observed, many species of the genus are found in the same regions and seasons, apparently without mutual influence. Da Cunha et al. (1951) supposed that the coexistence could take place due to the different alimentary source utilized by each species. Later, this idea was confirmed by Dobzhansky & Da Cunha (1955 ), Da Cunha et al.(1957 and Klaczko et al. (1983 Klaczko et al. ( , 1986 ). However, Brncic & Valente (1978) stated that the niche interference in a physical space shared by the larvae would probably affect the survival of the individuals. The occurrence, in our samples, of fermented fruits not containing preadults of Drosophila seems to indicate that the amount of food does not represent a key factor in the coexistence of these species. In contrast, the interference would be the most decisive factor. These last authors remember that in the laboratory, the larvae of D. pavani Brncic inhibit the growth of other species, particularly of D. willistoni, and that facilitates the development of its own larvae (Budnik & Brncic 1974 This fact illustrates the difficulty of understanding the complex patterns found in the assemblies of Neotropical insects, and it is a sign of the stability of species in the mature assemblies. As Tidon-Sklorz & Sene (1992) affirm, the complexity of the dynamics of the tropical assemblies is a result of the interventions in the populations by factors such as ambient variation, natural selection, genetic derivation and inbreeding at different times and in different spaces. The interaction of all these factors, in alternating periods, can lead to an instability that could help to clarify the tropical diversity through the constant adaptation and differentiation of the populations.
Comparing the diversity of the analyzed assemblies with the values calculated by Saavedra et al. (1995) for the assemblies of Rio Grande do Sul State, it is perceivable that the values obtained in this study are closer to the ones found for the Guaíba localities (sites covered by a kind of forest known as "capões", where the climatic conditions are unstable, and the resources are scarce and unpredictable) and Bento Gonçalves (a forest of low altitude and temperature). In these places, the H' was 1.69 for Guaíba, very close to 1.74, the value found for Arvoredo Island (Point G). However, these three assemblies presented different richnesses of species (S). On Arvoredo Island 42 species were captured, while at Guaíba and Bento Gonçalves, only 13 were captured. This fact reinforces the importance of the dominance that the species of the willistoni subgroup exert in the studied communities. It is especially clear in Morro da Lagoa (site A), a place where an elevated quantity of species (46) was found and its diversity was similar to those of the Rio Grande do Sul sites mentioned above, which revealed only 13 different species each. The values of J' were higher in Guaíba (0.66) and Bento Gonçalves (0.60), indicating that the well-distributed though small number of species found at these points contribute more regularly to the perpetuation of the local diversity than those of higher quantity from Santa Catarina involved in this study.
It is shown in Table 2 that the Morro da Lagoa site presented the least diversity of all points analyzed in the present study (H' = 1.61). However, a higher number of species were found, suggesting that the environmental stability leads to a constancy in the species richness and a better possibility of adaptation for native species, as exemplified by D. willistoni.
Comparing the values of H' for all the assemblies studied in Santa Catarina with those of Rio Grande do Sul, we realize that they are not discriminating, despite the fact that the numbers of species shown in the assemblies of Santa Catarina were higher than those of Rio Grande do Sul. Brncic et al. (1985) also carried out diversity index calculations for the Chilean assemblies of La Florida, where their data were acquired monthly, over a collection period of three years. They found differences in two periods of sampling: January to May, with lower H' and J'; and June to December, with higher H' and J'. The highest diversity verified by the authors was in December (Exp H' = 5.29 and J' = 0.70) and the lowest was in March (Exp H' = 1.17 and J' = 0.25). The values of S were 6 and 13 species for the respective months, and a total of 17 different species collected for the whole period. Again, the low values of S when compared with the ones of the Atlantic Forest assemblies are evident. Although some dominant species occurred in the Chilean communities such as the cosmopolitan D. simulans and the invader D. subobscura Collin these species do not represent as large a portion of the community as the willistoni subgroup does in the Santa Catarina State. A similar situation arises when we compare the Santa Catarina State assemblies to the ones studied by Benado & Brncic (1994) . These authors also analyzed the diversity of the assemblies of La Florida, in Chile. They found that the values of H' varied from 1.78 in winter to 0.53 in the autumn, with S values ranging from 12 species collected in the winter to three in the autumn, totaling 16 species. D. simulans and D. subobscura had exerted some dominance, but it was incomparable to the supremacy imposed by the willistoni subgroup in assemblies studied in this research, since the values of H' were considerably higher even with a small value of S.
A contrasting fact in our results was the greater diversity found in the winter due to the decrease in the dominance of some species. De Toni & Hofmann´s (1995) one year analysis for a Drosophilid community of Morro da Lagoa da Conceição found higher values of H' for October (0.94), August (0.91) and June (0.77), and lower values for the autumn and summer months. The number of species by collection (S) ranged from seven in January to 20 in November. In these collections, a number for S was close to the values we obtained in this present study. However, the dominance of D. willistoni led to a decrease in the indices of diversity in the present work.
In the drosophilid community that emerged from Parahancornia amapa Ducke, studied by Martins (1996) during a period of three years in the Amazon, the values of H' were 1.78 in 1990, 1.50 in 1991 and 1.37 in 1992; J' index values were 0.38 in 1990, 0.53 in 1991 and 0.34 in 1992, and S resulted in 25 species in 1990, 7 species in 1991 and 17 species in 1992. This tendency towards reduction in the diversity is interpreted by the author as the result of invasion by the exotic D. malerkotliana, which dislocated the native species and thus reduced the diversity level. However, although the values for diversity were elevated, there was no constancy of the relative contribution of the species to the increment of this index (J'). This demonstrates that, in this Amazonian assembly, the dominance is also an important factor in its structure, as well as in the Santa Catarina assemblies (D = 0.58, 0.62 and 0.57 for the years 1990, 1991 and 1992 respectively) . The values of D were low in almost all of the assemblies of the present study (Table 1) , with the exception of the community of Morro da Lagoa (D = 0.61).
D. schineri and D. fuscolineata were collected for the first time in the south of Brazil, widening, therefore, the southern limit of distribution of these species. Our results revealed a high level of biological richness for the communities of the Atlantic Forest when compared with the same index of other ecosystems. This fact demonstrates that efforts towards the conservation of this ecosystem are extremely necessary because, even though it is highly devastated, approximately 7% of the remainder of this forest still lodges a diversity which is vastly superior to that of the ecosystems of temperate climate.
The degree of similarity between the different assemblies was compared in relation to the different sites and seasons through the Morisita index (MI), in which the data were transformed (log (n+1)) as suggested by Wolda (1992) , represented in Figs. 3 and 4 in the form of UPGMA phylogenies.
In Fig. 3 , the relationship of similarity for the sampling sites is represented at each collection point. The set of assemblies presents a similarity of approximately 60%. The primary separation is in two clades: the first of which is continental (with about 90% of similarity) and the second of which is insular (with 81% of similarity), showing the importance of the spatial component in the forecast of the community structure. The six insular grouped sites are separated into two other clades (with 82% of similarity): one including the sites on Santa Catarina Island and the other, with two subclades, comprising the adjacent islands and subdividing itself into 2 others, joining the Ratones Grande Island with Campeche Island (B and H) and Ratones Pequeno Island with Arvoredo Island (C and G). In this in case, the grouping is due to the similarity of environments found on each island. The most greatly modified environments were found in the C and G clades, in which an increase was found in the abundance of "exotic" species, such as D. simulans.
In Fig. 4 , the similarities of each collection are represented individually. We can observe that some collections at points like E and F are separated from the rest. They include the best-preserved Atlantic Forest region of all the collecting points. Site F is the only one with primary Atlantic Forest. The remaining sites are grouped in function E8  B3  H6  H1  C7  D7  D8  D2  D3  B8  D4  E4  F4  E1  F1  A2  A6  E5  F5  A4  A8  A5  B2  C6  C2  C3  H3  G2  G3  G7  B6  H2  B7  B1  B5  C5  G4  G5  C4  C1  G1  B4  H5  C8  H4  D1  A1  D5  G8  H8  H7  A7  D6  G6  A3  E7  E3  F3  F7  E2  F2  E6  F6  F8 of the influence of seasonal variation over the composition of the assemblies, since they are all covered by Atlantic Forest that is in the process of regeneration.
The species of the melanogaster group and Z. indianus are more representative in the most altered sites. The presence of these Atlantic Forest cosmopolitan and invader species causes the higher similarity in the communities of these localities. This information is corroborated by Döge et al. (2004) , Ferreira & Tidon (2005) and Silva et al. (2005) . Table 1 . Absolute abundance (ni) and relative abundance (pi) of the collected species from Morro da Lagoa da Conceição (site A) at different seasons. The numbers after the site letter mean: 1 = autumn 1, 2 = winter 1, 3 = spring 1, 4 = summer 1, 5 = autumn 2, 6 = winter 2, 7 = spring 2 and 8 = summer 2. Table 2 . Absolute abundance (ni) and relative abundance (pi) of the collected species from Ratones Grande Island (site B) at different seasons. The numbers after the site letter mean: 1 = autumn 1, 2 = winter 1, 3 = spring 1, 4 = summer 1, 5 = autumn 2, 6 = winter 2, 7 = spring 2 and 8 = summer 2. Table 3 . Absolute abundance (ni) and relative abundance (pi) of the collected species from Ratones Pequeno Island (site C) at different seasons. The numbers after the site letter mean: 1 = autumn 1, 2 = winter 1, 3 = spring 1, 4 = summer 1, 5 = autumn 2, 6 = winter 2, 7 = spring 2 and 8 = summer 2. Table 4 . Continuation. Table 5 . Absolute abundance (ni) and relative abundance (pi) of the collected species from Serra do Tabuleiro -I (site E) at different seasons. The numbers after the site letter mean: 1 = autumn 1, 2 = winter 1, 3 = spring 1, 4 = summer 1, 5 = autumn 2, 6 = winter 2, 7 = spring 2 and 8 = summer 2. Table 6 . Absolute abundance (ni) and relative abundance (pi) of the collected species from Serra do Tabuleiro -II (site F) at different seasons. The numbers after the site letter mean: 1 = autumn 1, 2 = winter 1, 3 = spring 1, 4 = summer 1, 5 = autumn 2, 6 = winter 2, 7 = spring 2 and 8 = summer 2. Table 7 . Absolute abundance (ni) and relative abundance (pi) of the collected species from Arvoredo Island (site G) at different seasons. The numbers after the site letter mean: 1 = autumn 1, 2 = winter 1, 3 = spring 1, 4 = summer 1, 5 = autumn 2, 6 = winter 2, 7 = spring 2 and 8 = summer 2. Species  G1  G2  G3  G4  G5  G6  G7  G8  ni Table 8 . Absolute abundance (ni) and relative abundance (pi) of the collected species from Campeche Island (site H) at different seasons. The numbers after the site letter mean: 1 = autumn 1, 2 = winter 1, 3 = spring 1, 4 = summer 1, 5 = autumn 2, 6 = winter 2, 7 = spring 2 and 8 = summer 2. 
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